in patients with a recent history of bleeding. To minimize the risk of postoperative bleeding, further embolization of remaining AV shunts is recommended and the patient´s mean arterial pressure should be maintained below baseline during the first 24 hours after embolization.
Introduction
Inadvertent penetration of acrylic glue mixtures into a vein draining an intracranial arteriovenous (AV) shunt or even into the pulmonary veins 1 frequently occurs during embolization without clinical consequences 2 . However, some migration of embolic material is potentially dangerous due to disturbance in venous outflow which depends on the amount and location of the glue passed into the vein. The pathophysiology of the AV shunt venous outflow obstruction is described by acute redistribution of shunted blood to other nidal compartments with possible retrograde venous hypertension 3, 4 .
The clinical significance of this complication is quite unpredictable. In our experience the risk of hemorrhage after embolization is higher Transvenous Removal of Glue from Obstructed Straight Sinus during Transarterial Embolization Being aware of possible venous hypertension, we decided to catheterize the right internal jugular vein and through 5F multipurpose catheter we placed the microcatheter (Tracker 18, Target-Boston Scientific, CA) and using a platinum tip microguidewire the microcatheter was navigated into the straight sinus ( figure 1D ).
It was possible to change the position of the glue embolus by the loop created from the microguidewire. Then we placed a 4 mm diameter Amplatz Goose-Neck microsnare (EV3) through the microcatheter. The microsnare loop was gently rotated in the vicinity of the glue fragment several times and then drawn back partly into the microcatheter and partly into the confluens sinuum. This part of the embolus was mobilized and embolized into the lungs.
The full patency of the straight sinus was verified by the selective injection through the microcatheter with its tip placed in the origin of the straight sinus ( figure 1E ). Because further transarterial embolization of remaining dural feeders did not completely occlude the shunt, the patient was treated surgically and postoperative angiogram revealed no sign of AV shunt and fully patent straight sinus ( figure 1F ).
Case 2
A 59-year-old male with hematocephalus due to Borden III dural AV shunt drained predominantly into the deep venous system. The injected glue penetrated into the veins and part of it remained in the straight sinus. This glue was successfully removed from the straight sinus during same procedure and using the same technique as in the previous case ( figure 2A-C) .
The dural AV shunt was embolized transarterially in two other sessions.
Discussion
In spite of the frequent use of acrylic glue for durable embolization of pial and dural intracranial AV shunts and the potential in-creased risk of hemorrhage in partially occluded AV shunts with obstructed venous drainage 5 , we have not found reported transvenous recanalization of the dural sinus occluded by migrated glue in available literature. On the other hand there are several reports on using the same technique -microsnare to mechanically capture and remove organized blood clots from the intracranial arteries 6 . In comparison to arterial removal procedures, our transvenous catheterization was much less risky carrying only an insignificant risk of pulmonary embolization. Transvenous catheterization of the dural sinuses is technically easier than catheterization of the intracranial arteries and carries only a low risk of sinus perforation or dissection. The thrombectomy catheters were successfully used to remove persistent thrombi from the superior sagittal sinus using the 4F over-the-wire Fogarty catheter in acute thrombosis of cerebral sinuses 7 .
Except for the above mentioned microsnare it is possible to use other devices which are flexible enough to guarantee intracranial access or are appropriate for handling or even fragmenting various kinds of emboli.
Thrombosis of the deep venous system may carry a significant risk from retrograde hyperemia, brain edema and hemorrhage especially when the venous system is overloaded by blood from AV shunts 3, 4, 8 . But there is some contraversy. The mortality rate of the embolization procedure of brain arteriovenous malformation is 1% due to fatal hemorrhage, and moreover, there is 2% risk of persistent disabling deficits 4 . In the majority of these reported series these fatal hemorrhages were not related to any reported angiographic signs of venous outflow obstruction.
Various techniques of glue injection have been described to prevent fragmentation of the glue column and glue migration into the venous drainage of the AV shunt. The most important are personal skills and the operator's ability to react promptly and either interrupt the glue injection or speed it up to seal off the shunt and prevent further migration of glue. Detailed angiographic study is necessary to assess the angioarchitecture and to estimate the transition time of a contrast medium bolus to pass the shunt 5 .
There are additional techniques to prevent venous migration of the glue used more or less routinely such as wedged position of the micro-catheter tip in the nidus 5 or its placement against the wall of the artery. In high flow shunt, use of temporary flow arrest technique by introduction of another non detachable balloon catheter proximal to the tip of the microcatheter used for glue injection or even adenosin induced cardiac pause 9 .
Conclusions
Transvenous removal of the migrated glue from the straight sinus was technically feasible and safe. It should be considered whenever this complication occurs during intracranial AV shunt embolization to prevent potential venous congestion and increased risk of rebleeding from the partially embolized AV shunt.
